SCIENTIFIC INVESTIGATIONS
Background: Sedative medications may be inadvertently prescribed to patients with undiagnosed obstructive sleep apnea (OSA) and may worsen daytime sleepiness. Study Objectives: To determine whether patients with undiagnosed OSA were prescribed sedative medications and whether such prescriptions increased the risk for traffic accidents. A secondary objective was to determine physician characteristics associated with such prescription practices. Design: Retrospective chart review. Telephone interviews of patients and physicians. Intervention: None. Patients: One hundred fifty-one consecutive patients at a sleep laboratory. Results: Forty-one of 137 (30%) patients with undiagnosed OSA had received prescriptions for sedating medications. Regression analysis identified self-report of sleepiness while driving (p=.05) and prescription for risperidone as independent risk factors for motor vehicle accidents (p=.005), while prescription of any sedative (excluding risperidone) tended to be associated with accidents (p=.10). In patients with severe OSA, prescription of sedating medications was associated with a greater risk for motor vehicle accidents than those without such prescriptions (relative risk=2.6; p=.04). In patients with prescription for sedating medications (n=41), the apnea-hypopnea index was directly proportional to the risk for motor vehicle accidents (r 2 =0.26; p=.001) suggesting a 'dose effect' of severity of sleep-disordered breathing on risk for accidents. Physicians who did not usually treat patients with sleep disorders were more likely to prescribe sedatives to patients with undiagnosed OSA than were physicians with such expertise: neurologist, pulmonologist, or psychiatrist (52% vs 10%; relative risk=5.2; p=.02) Conclusion: Prescription of sedating medications may increase the risk of road accidents in patients with undiagnosed severe OSA, and such prescription practices are less likely to occur in physicians with expertise in sleep medicine. Keywords: Sleep apnea, sedatives, specialist, automobile, traffic accidents, sleep Citation: Lu B; Budhiraja R; Parthasarathy S. Sedating medications and undiagnosed obstructive sleep apnea: physician determinants and patient consequences. J Clin Sleep Med 2005;1(4):367-371.
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sician groups for future preventative measures.
METHODS
Patient Selection
One hundred and fifty-one consecutive patients who were diagnosed with OSA, defined as having an AHI greater than 5 per hour, were identified from a list of polysomnograms performed between March and November of the year 2000 in the Edward Hines Jr. VA Hospital. The Institutional Review Board had approved the study and granted a waiver of documentation of the informed consent. All patients and physicians were advised as to the research purposes of the telephone interview and were asked if they were willing to participate in such a study. Participants were excluded from the study if they refused participation during the telephone interview or if their medical and pharmacy records were not accessible (n=14).
Data Collection
The telephone questionnaire was aimed at determining the following: (1) use of prescription, over-the-counter, or herbal medications as sleep aids; (2) use of alcohol as a sedative; and (3) motor vehicle accidents attributable to sleepiness. The patient's chart was reviewed to verify and supplement the information obtained during the interview. Patient's age, body mass index, AHI, and minimum oxygen saturation (SpO 2 ) measured by pulse oximetry during the polysomnogram were obtained from the medical records. Patient medication lists were obtained from computerized records at the hospital pharmacy. Of medications that had sleepiness or drowsiness listed as side effects, only those that were refilled prior to the diagnostic polysomnogram, or were prescribed after the polysomnogram but before treatment of OSA was initiated, were considered for analysis (Table 1) .
For each patient, physicians who prescribed the sedative medication, or the primary care physicians caring for the patient, were contacted for a telephone-based interview of prescription practices. A total of 76 physicians responsible for such prescription practices were identified and agreed to participate. However, only 50 physicians could be reached or were willing to participate in the interview. Questions (Appendix) were aimed at determining their primary specialty, how often they prescribed sedating medications to patients with difficulties sleeping, awareness of contraindications to the use of sedating medications, how often they screened patients for OSA, and whether sleep disorders were part of their medical school curriculum.
Statistical Analysis
Age, body-mass index, AHI, minimum SpO 2 , and number of road traffic accidents for the group of patients who received sedating medications was compared with patients who did not receive such prescriptions using an unpaired Student t test. The differences in rates of motor vehicle accidents between patients with and without sedating medications were compared by χ 2 or Fisher exact tests, where appropriate. Simple and multiple logistic regression analysis were performed using STATISTICA software (StatSoft, Tulsa, OK).
RESULTS
Of the 137 patients (age 59 ± 13 years) who were included in the analysis, the majority were men (n=132) and the body mass index was 35.1 ± 7.5 kg/m 2 . The AHI and lowest SpO 2 during polysomnography were 39 ± 26 events/hour and 79% ± 12%, respectively.
Sedating Medications
Forty-one of 137 patients (30%) were prescribed sedating medications. Twenty patients (15%) were consuming alcohol, 16 patients (12%) were using over the counter medications, and 7 patients (5%) were ingesting herbal remedies to help them sleep. Patients receiving sedating medications were younger than patients who did not receive sedating medications: 53 ± 8 versus 61 ± 2 years (p=.02; odds ratio [OR] 1.05, 95% confidence interval [CI] 1.01-1.09). Women were more likely than men to receive sedating medications. Four of 5 women (80%) received a prescription for a sedative medication, as opposed to 37 of 132 (28%) men (p=.039; relative risk [RR], 2.89). Body mass index and severity of OSA-measured by the AHI or lowest Spo 2 -were not different for patients with and without prescriptions for sedating medications (p=.6).
Automobile Accidents
Thirty-four percent of patients with prescriptions for sedating medications and 20% of patients without such prescriptions were involved in road traffic accidents (p=.21). We performed a 368 B Lu, R Budhiraja, and S Parthasarathy subgroup analysis based on severity of OSA. Patients were divided into 3 groups based on AHI: mild (5-20 per hour), moderate (21-40), and severe (> 40)( Table 2 ). In patients with mild or moderate OSA, prescriptions for sedating medications did not confer any greater risk for suffering an automobile accident (p > .4). In patients with severe OSA, however, prescriptions for sedating medications were associated with an increased risk for automobile accidents (53% vs 20%, RR=2.6; p=.04) (Figure 1) . Moreover, in patients with prescriptions for sedating medications, a 'doseeffect' of severity of OSA on proportion of patients suffering motor vehicle accidents was suggested; the proportion of patients suffering car accidents was 16%, 28%, and 53% for patients with mild, moderate, and severe OSA, respectively (Figure 1 ; p=.07; χ 2 ). In patients without prescriptions for sedating medications, there was no such dose effect: 14%, 27%, and 20% (Figure 1 ; p=.8). Similarly, in patients who consumed any form of sedative, prescription or nonprescription (including alcohol, over-thecounter, and herbal remedies), there tended to be an incremental proportion of patients suffering motor vehicle accidents: 13%, 38%, and 45% for mild, moderate, and severe OSA, respectively (χ 2 ; p=.08). In order to adjust for confounding variables that could influence the occurrence of traffic accidents, we performed univariate logistic regression analysis with occurrence of motor vehicle accidents as the dependent outcome variable and the following independent determining variables: ingestion of individual sedating medications, age, sex, and the use of herbal remedies, alcohol, and over-the-counter medications as sleep aids (n=137). Based on such univariate comparisons, we identified the following significant variables-prescription of sedating medication (β=0.16; r 2 =0.03; p=.057), self-reported sleepiness while driving (β=0.16; r 2 =0.02; p=.057) and ingestion of risperidone (β=0.22; r 2 =0.05; p=.009). Age, sex, minimum SpO 2 , and AHI were not associated with occurrence of traffic accidents (all p values >.20). Also, we performed analysis with the number of sedating medications as an independent variable. However, such analysis yielded no relationship between the number of sedating agents (ranging from 0 to 4 per patient) and motor vehicle accidents (r 2 = 0; p=.9; univariate logistic regression).
Subsequent to identifying these significant independent variables, we built a multiple logistic regression model with motor vehicle accidents as the dependent variable (n=137)( Table   3 ). Prescription for sedating medications, self-reported sleepiness while driving, and prescription for risperidone were independently associated with increased likelihood for motor vehicle accidents (Table 3) .
Physician Characteristics
Of the 50 physicians who were surveyed regarding their prescribing patterns, 23 (46%) had prescribed sedating medications. There was no difference between the physicians who prescribed and those who had not prescribed sedating medications with respect to years since graduation from medical school, self-reported frequency of prescribing sedative medications, diligence in screening patients for OSA, knowledge of medication side effects, or presence or absence of sleep disorders in their medical school curriculum (Table 4 ; p>.25). Physicians who did not usually treat patients with sleep disorders were more likely to prescribe sedatives to patients with undiagnosed OSA than were physicians with such expertise-neurologist, pulmonologist, or psychiatrist (52% vs 10%, RR=5.2, p=.02) (Figure 2 ).
DISCUSSION
To our knowledge, this is the first study to systematically examine the prevalence, and effect, of sedative prescription practices in patients with undiagnosed OSA. Some general observations can be made. First, the proportion of patients with undiagnosed OSA who are being prescribed sedating medications is significant-30%. Second, prescriptions for sedating medications may be associated with an increased risk for motor vehicle accidents in patients with severe OSA. Third, sedating medications, prescription or nonprescription, were not associated with worsening of apnea severity based upon SpO 2 or AHI. Fourth, physicians whose primary specialty did not include the practice sleep medicine were more likely to prescribe sedating medications to patients with undiagnosed OSA than were physicians belonging to specialties with sleep medicine expertise.
A significant percentage of patients with undiagnosed OSA were prescribed a sedating medication. While only 8% of the general population is prescribed sedating medications, 1 we found that 30% of patients with OSA had such prescriptions. Patients with 369 Sedatives, Accidents, and Sleep Expertise undiagnosed OSA may complain of difficulty sleeping at night, prompting physicians to prescribe such sedative medications. In our study, sedating medications during polysomnography did not influence apnea severity. During polysomnography, the AHI and lowest SpO 2 were not different between patients with and without prescriptions for sedating medications. Dolly and colleagues, 7 however, have reported higher AHI and lower SpO 2 in healthy subjects who received benzodiazepines. One reason for the difference between these 2 studies can be explained by the fact that some patients in our study did not receive the sedative until after their nocturnal polysomnogram; however, this constituted only 2% of all patients. Hence, other reasons, such as patients not ingesting the medications on the night of the polysomnogram, may explain such differences. Moreover, other investigators have not observed any worsening of sleep-disordered breathing when healthy subjects received sedating medications, such as oral hydromorphone. 8 These latter investigators have explained their findings by noting that preservation of the hypercapnic ventilatory response and pharyngeal patency in patients receiving the hydromorphone may have prevented the appearance of sleep-disordered breathing despite decrements in the hypoxic ventilatory response. 8 While most such were have been only a few studies in patients with OSA. 6, 9 In a randomized cross-over study, patients with severe OSA experienced slight worsening of apnea-hypopnea duration and oxygen desaturation when administered triazolam, but such changes were mild and not clinically significant. 9, 10 Alternatively, a cross-over study of zopiclone in patients with upper airway resistance syndrome revealed no worsening of sleepdisordered breathing. 11 In our study, the type of sedating medications prescribed may have contributed to the lack of worsening in measures of apnea severity (Table 1) .
Unlike events of sleep-disordered breathing, the effect of sedating medications on daytime vigilance and risk for motor vehicle accidents appears to be more uniform. In a recent study, commercial-vehicle drivers consuming narcotic analgesics or antihistamines were more likely to report motor vehicle accidents regardless of the presence or absence of OSA. 12 However, in this study, Howard and colleagues studied only commercial drivers. Furthermore, there was no interaction between the severity of OSA and sedative ingestion reported, and not all patients suffered from OSA. In our study, the subjects are representative of patients usually referred to a sleep laboratory, and we found a dose effect for the effect of sedating medications on risk for motor vehicle accidents in patients with OSA ( Figure 1 ). Patients with progressively worse OSA were more likely to have motor vehicle accidents when they had prescriptions for sedating medications. In contrast, when patients were not prescribed such sedating medications, there was no such dose effect. Although, such lack of relationship between severity of OSA and risk for traffic accidents has been observed by others, the combined effect of sedatives and OSA on traffic accidents has not been reported previously. 12, 13 Such a dose effect persisted even when exposure to nonprescription medications-such as over-the-counter medications, alcohol, and herbal remedies-were considered. Conceivably, sedating medications may have blocked compensatory mechanisms operative in patients with sleep apnea and unmasked a preexisting dose effect of OSA on alertness.
In the elderly, risperidone has been known to cause lack of coordination and falls.
14 Risperidone has a long half-life (20 hours) and has sedating actions that may be potentiated by concomitant ingestion of herbs and alcohol. The only other agents consumed by our patients with a similar half-life were mirtazapine (20-40 hours), olanzapine (21-40 hours), and clonazepam (19 hours). Interestingly, even after we adjusted for other variables in a multiple logistic regression model, Risperidone remained independently associated with motor vehicle accidents. The long half-life of the medication and the effects on coordination may be responsible for such an effect.
Patient outcomes in certain disorders can differ based on physicians' primary specialty. 15, 16 However, such differences in patient outcomes based on physician expertise have not been described in sleep medicine. 17 Lately, such an area of research is receiving considerable attention from the American Academy of Sleep Medicine. 17 In our study, physicians belonging to primary specialties that customarily provide care to patients with sleep disorders-pulmonary, neurology, and psychiatry-were less likely Figure 2-Differences in proportion of sedative prescriptions issued by physicians whose primary specialty cared for patients with sleep disorders (white column) and other physicians (all other specialties, including internal medicine). Physicians who are trained in the specialties that are more likely to care for patients with sleep disorders were less likely to issue a prescription sedative (10%) to patients with undiagnosed obstructive sleep apnea than were other physicians (52%)(relative risk=5.2, p=.02; n=50).
to prescribe sedating medications to patients with undiagnosed OSA. The prescribing of sedating medications may have resulted in poor patient outcomes, as documented by patients with severe OSA in our study experiencing a greater number of motor vehicle accidents than similar patients without prescriptions for sedating medications. Additionally, female patients with undiagnosed OSA appear to be at a greater risk of being prescribed sedating medications. However, the number of women in our study was small. Nevertheless, this finding may reflect the universally consistent finding of more insomnia complaints in women. 18 Future education efforts may need to target such physician and patient populations to prevent prescription of sedating medications to patients who are at risk for motor vehicle accidents. Interestingly, only a third of the physicians screened their patients for OSA (Table  4) . Hence, factors other than the likelihood for undiagnosed OSA must have determined physicians' prescription practices. Age and sex of patients may have played a role. Greater age of patients and consequent concern for falls may have deterred physicians from prescribing sedating medications to the aged. 19 Also, women are more likely to complain of insomnia than men, and this may explain the greater likelihood for them to receive sedating medications.
18,20
Critiques and Limitations
There are several limitations to our study. We did not control for driving hours or the number of accidents per patient. However, the presence of a dose effect of AHI on the risk for accidents speaks against such a systematic bias. Also, we relied on physicians' memory in answering questions regarding their prescription practices, and this may be prone to recall bias. However, review of physician notes does not always reveal the reasons for their decision making and, thus, scrutinizing the charts for such documentation may not have provided the necessary additional information. Some of the other limitations of our study are the small numbers, retrospective study design, and self-report of accidents instead of verification from department of motor vehicles records. However, while the total rates of accidents may have been underestimated when measuring self-report of accidents instead of accident records, we doubt that the results would have been systematically biased to favor one or the other comparison groups-patients with and without access to sedating medication. Additionally, this study was performed in a veteran's population, and, hence, there is underrepresentation of women.
